19F-substituted amino acids as an alternative to fluorophore labels: monitoring of degradation and cellular uptake of analogues of penetratin by 19F NMR.
Current methods for assessment of cellular uptake of cell-penetrating peptides (CPPs) often rely on detection of fluorophore-labeled CPPs. However, introduction of the fluorescent probe often confers changed physicochemical properties, so that the fluorophore-CPP conjugate may exhibit cytotoxic effects and membrane damage not exerted by the native CPP. In the present study, introduction of fluorine probes was investigated as an alternative to fluorophore labeling of a CPP, since this only confers minor changes to its overall physicochemical properties. The high sensitivity of 19F NMR spectroscopy and the absence of background signals from naturally occurring fluorine enabled detection of internalized CPP. Also, degradation of fluorine-labeled peptides during exposure to Caco-2 cells could be followed by using 19F NMR spectroscopy. In total, five fluorinated analogues of the model CPP penetratin were synthesized by using commercially available fluorinated amino acids as labels, including one analogue also carrying an N-terminal fluorophore. The apparent cellular uptake was considerably higher for the fluorophore-penetratin conjugate indicating that the fluorophore moiety promoted uptake of the peptide. The use of 19F NMR spectroscopy enabled monitoring of the fate of the CPPs over time by establishing molar balances, and by verifying CPP integrity upon uptake. Thus, the NMR-based method offers several advantages over currently widespread methods relying on fluorescence detection. The present findings provide guidelines for improved labeling strategies for CPPs, thereby expanding the repertoire of analytical techniques available for studying degradation and uptake of CPPs.